Lignocellulosic material consists of lignin, cellulose and hemicellulose. Converting lignocellulosic biomass such as cow manure (CM) into value-added products provides a potential alternative. Hydrolysis of cellulose and hemicellulose is a limiting step during Anaerobic Digestion (AD) of lignocellulosic biomass. Lignin in lignocellulosic biomass is the barrier for hydrolysis, thus limits the biogas production. In this study, the effect of A.Fumigatus SK1 and Trichoderma sp. on enzymatic pretreatment of CM was investigated with respect to the biogas production. Three set of anaerobic digestion assays were carried out, with a working volume of 500 mL at 35 ± 2°C and 120 rpm. The first set of fermentation contained untreated CM. The second set of fermentation involved addition of A.Fumigatus SK1, and the last set contained Trichoderma sp. Several analysis were conducted to determine the biomethane potential (BMP), anaerobic biodegradability, reducing sugars concentration and lignin removal of CM before and after pre-treatment. Result showed that, among both evaluated pre-treatment methods, CM treated with Trichoderma sp. gave the highest methane potential with 0.023 LCH4-STP g VS -1 compared to CM treated with A.Fumigatus SK1(0.011 LCH4-STP g VS -1
INTRODUCTION
Animal manure production is projected to increase further based on the trend of livestock population in until 2015 (Jabatan Perangkaan, 2015 . Up until now, none proper manure disposal procedure has been done. Thus, requiring other alternatives to turn the manure into value-added products such as bioenergy. In Malaysia, about 329 kt/year cow manure produced annually (Ghani, Mahmood & Ali, 2013) . In addition, the usage of animal manure for production of bioenergy can reduce odour and greenhouse gas emission, as well as water pollution through leaching mechanism (Sutaryo, 2012) .
Dairy cows are normally fed with grasses which have high concentration of lignin complex with cellulose in the organic matter (S. Sutaryo, Ward & Moller, 2014) . Cellulose is the main component of lignocellulose, which is coated with hemicellulose and protected by lignin on the outer layer. It is a linear polymer comprising of β (1→4) linked D-glucose units. Hemicelluloses are branched polymers, whereas lignin are cross-linked macromolecules composed of phenylpropanoid unit (Matthews, 2016) . Table 1 shows the compositions of cellulose, hemicellulose and lignin in cow manure (CM) from different previous studies. (Liao, Liu, Liu, Wen, & Chen, 2006) 21.89 12.47 13.91 (Wen, Liao, & Chen, 2004) In Anaerobic Digestion (AD) of lignocellulosic biomass, hydrolysis of cellulose and hemicellulose is known as rate limiting step (Hu, Yue & Liu, 2010) . Cellulose and hemicellulose are hydrolysed into polysaccharide and monosaccharide by cellulolytic microorganisms (Hu et al., 2010; Mtui, 2009; Muthangya, Mshandete & Kivaisi, 2009) . While lignin, which composed of phenylpropanoid units act as barrier for hydrolysis which limit the biogas production (K. Li et al., 2015; Matthews, 2016; Wi et al., 2015; Zheng, Zhao, Xu & Li, 2014) . There are numbers of developing technologies introduced with aimed to enhance the hydrolysis process by removing the lignin and hemicellulose, reducing the cellulose fibres crystallinity and increasing the accessible surface area of the biomass materials (Brodeur et al., 2011; Parveen Kumar et al., 2009; Taherzadeh & Karimi, 2008) . Among all, the physical or physicochemical is found to be the most efficient pre-treatment process to break down the lignocellulosic biomass. However, the method is less practical due to higher cost demand (Brodeur et al., 2011; Hu et al., 2010) .
RESEARCH ARTICLE
Biological pre-treatment offers another alternative. The most commonly used methods are acid hydrolysis and enzymatic hydrolysis. Diluted-acid hydrolysis process is a harsh process that lead to the formation of toxic degradation products (Taherzadeh & Karimi, 2008) . Compared to acid hydrolysis process, enzymatic hydrolysis process offer some advantages such as mild reaction condition, environmental friendly and lead to high yield of pure glucose (Saritha, Arora & Lata, 2012; Wen et al., 2004) . Hence, enzymatic hydrolysis offers a better option.
Enzymatic hydrolysis was found to increase the biogas production with the presence of fungi (Isroi et al., 2011; Vasmara, Cianchetta, Marchetti & Galletti, 2015) . Based on study reported by Mtui (2009) , the lignocellulosic waste that has been pre-treated with fungi through anaerobic process has led to higher biogas production. Aspergillus sp. and Trichoderma sp. have been reported that these species are strongly cellulolytic (Adegunloye, et al., 2007) . Trichoderma sp. has been proven to play an important role in lignin degradation (Saratale, Chien & Chang, 2010) . Recent studies revealed that Aspergillus fumigatus SK1 have an excellent ability to degrade untreated oil palm trunk (OPT) and Trichoderma reesei have the capability to produce enzyme (Ang, Yahya, Aziz & Salleh, 2015) . Besides, significant reduction in lignin and cellulose contents was observed in paddy straw inoculated with Aspergillus fumigatus, Aspergillus oryzae and Rhizopus oryzae (Viji & Neelanarayanan, 2015) . Other research has shown that Trichoderma reesei and Aspergillus niger are capable to degrade lignin and other recalcitrant organic compound (Fang, 2010) . Based on study on sisal leaf done by (Muthangya et al., 2009) , about 30-101% increment in methane yield has been observed by applying two-stages fungal pretreatment, CCHT-1 fungi followed by Trichoderma reesei prior to AD. Also, up to 75% and 80% holocellulose and lignin degradation, respectively, have been achieved in the pre-treatment of lignocellulosic waste by using Aspergillus terreus and Trichoderma spp. (Mtui, 2009 ).
Many studies have been done on enzymatic hydrolysis using other substrates such as cassava bagasse (Gaewchingduang & Pengthemkeerati, 2010) ; rice straw (Matthews, 2016; Viji & Neelanarayanan, 2015) ; sugarcane bagasse (Batalha et al., 2015) ; oil palm trunk (Ang, et al., 2013) ; lemongrass leaves (Ang et al., 2015) and other lignocellulosic wastes (Mtui, 2009 ) . However, limited attention has been paid on hydrolysing of animal manure especially CM. Therefore, the aim of this work is to investigate the effectiveness of enzymatic hydrolysis through A.Fumigatus SK1 and Trichoderma sp. on CM. The focus are to study the influence of lignin removal on reducing sugar and to improve the biogas production.
MATERIALS AND METHODS

Substrate and anaerobic digestion inoculum
In this study, CM has been used as substrate and it was collected from a cattle farm near Universiti Malaysia Terengganu, Malaysia. The CM was diluted with distilled water with 1:1 ratio (w/w) and blended to obtain homogenized substrate. Inoculum was collected from Palm Oil Mill Effluent (POME) in Serting, Negeri Sembilan, Malaysia. To avoid biological decomposition, the CM and inoculum was kept 4°C. The homogenized sample were used to determine the chemical compositions of the substrate and inoculum used throughout the study, as shown in Table 2 .
Fungi Preparation
The fungi used in this study were A.Fumigatus SK1 and Trichoderma sp. A.Fumigatus SK1, which was locally isolated from UiTM Kuala Pilah and previously identified using 18S rNA characterization (Umor et al., 2016) .Whereas, Trichoderma sp. was sampling at Setiu Wetlands, Kuala Terengganu. The spores were harvested after 7 days of incubation by using 1% v/v sterile Tween-80 solution. Each plate that contained spores are diluted with 10 ml of Tween-80 solution. Then, the spores were scrapped using sterile hockey stick. All the harvested spores were collected into one conical flask, diluted and used as spore suspension of 10 8 spores/g of CM as described in (Ang et al., 2013) .
Biomethane potential assay
Three set of experiments were employed for the biomethane potential evaluation. The first set of fermentation contained untreated CM. The second set of fermentation involved addition of A.Fumigatus SK1, and the last set contained Trichoderma sp. The experiments were done in duplicate. The anaerobic digestion assay was carried out using 1000 mL Oxitop® bottles with a working volume of 500 mL, at the temperature of 35 ± 2°C. To initiate enzymatic hydrolysis, 10% (by volume) of A.Fumigatus SK1 and Trichoderma sp. were used to inoculate 167 ml of CM. The corresponding substrate-to-inoculum ratio (S/I) was 0.5, on a VS basis. Reducing sugar concentration and pH were determined at day 10 and was compared with controls which contain only the substrate (without adding any fungi). After day-10, the inoculum from POME was added in the bottles, tightly sealed, incubated and shaken at 130 rpm. Biogas production was monitored using an Oxitop® control 6, WTW. Equation (1) was used to obtain the BMP value for each pre-treatment as follow (Pereira, 2009 ):
Where P S is the pressure in sample bottle (Pa), P bl is the pressure in blank bottle (Pa), P atm is the atmospheric pressure (Pa), V S is the headspace volume of the test bottle (mᵌ), V bl is the headspace volume of the blank bottle (mᵌ), %CH 4,s is the percentage of methane in the test bottle, %CH 4,bl is the percentage of methane in the blank bottle, R is the universal gas constant 8.3314 (Pa mᵌ molˉ1Kˉ1) and Sο is the amount of the substrate added (g VS).
Measurement of sugar concentration
After 10 days of fermentation, 1 g of CM was extracted and placed into the test tubes. Each test tube was added with 1 ml of DNS reagent and 2 drops of 0.1 M NaOH and incubated at 50°C for 5 minutes. The tubes were added with 10 ml of distilled water and inverted several times for homogenization through mixing. The reducing sugar released was determine as described in (Umor et al., 2016) .
Statistical Analysis
In order to determine if there exist statistical significant difference among untreated and pre-treated CM, the data set is subjected with oneway analysis using ANOVA, adopting SPSS version 22. Probabilities of P < 0.05 are considered as significant.
Analytical methods
Characterization of the substrate and inoculum including Total Solids (TS) and Volatile Solids (VS) were performed based on standard methods (APHA, 2012). The Chemical Oxygen Demand (COD) was measured by a digestion colorimetric method (HACH Reactor Digestion Method 8000) using a HACH DR/2000 spectrophotometer. The pH before and after anaerobic digestion of the biomass effluents were determined using pH meter (Thermo-868, USA). Grinding The total fibers content were determined by the gravimetric methods (Goering & Soest, 1970) . The structural changes on CM fibre before and after pre-treatment were studied using Table Top Microscope (TM3030, Hitachi).
RESULTS AND DISCUSSION
Chemical compositions of CM and inoculum
Characteristics of CM and inoculum are shown in Table 2 . VS contents of the raw CM were found to be in the range of 80.74 to 83.55% and 63.62 to 64.63% for inoculum. The result indicated that the substrate and inoculum used in this study were high in organic matter and have high potential to produce biogas (Chaikitkaew, Kongjan, & O-Thong, 2015) (Chaikitkaew et al., 2015) . The cellulose, hemicellulose and lignin contents of CM were 26%, 14% and 12%, respectively. The comparison characteristics of CM used in recent studies are shown in Table 1 , where the cellulose, hemicellulose and lignin content range from 1.6 to 26.6%, 1.4 to 12.8% and 2.7 to 13.9%, with average of 24.2, 12.1 and 11.0 respectively (K. Li et al., 2015; Liao et al., 2006; Parveen Kumar et al., 2009; Wen et al., 2004) . The characteristics of the CM used in this study were in agreement to those reported in earlier studies. 
Reducing sugar
The main reducing sugars that will be produced in the processed lignocellulosic waste are glucose, xylose, xylitol, cellobiose, arabinose, pentose and galactose (Mtui, 2009) . The data in Fig. 2 demonstrated the reducing sugar (glucose) produced from CM treated with A. Fumigatus SK1 and Trichoderma sp. for 10 days of fermentation. After day tenth, CM treated with Trichoderma sp. and CM treated with A. Fumigatus SK1 produced about 12.12 μmol glucose and 11.77 μmol glucose, respectively. Whereas, the untreated CM showed the lowest glucose produced which was about 8.56 μmol glucose. To note, the reducing sugar released from CM degraded by biological pre-treatment. Meanwhile, the anaerobic biodegradability can be determined based on elemental compositions of the organic substrates using Buswell's equation as described previously by (Angelidaki & Sanders, 2004) . Table 3 shows the BMP and anaerobic biodegradability of CM pretreated with A.Fumigatus SK1 and Trichoderma sp. Highest methane potential of CM was achieved after pre-treated with Trichoderma sp. followed by CM pre-treated with A. Fumigatus SK1. The results were in accordance with the percentage biodegradability achieved for both pre-treatment. It is due to high availability of substrates to be digested by these anaerobic microorganisms (Muthangya et al., 2009) . These findings was supported by previous research done by Meng et al. (2015) , in which higher in biodegradability has contributed to the higher biomethane yield production. Composition and structure of pre-treated sample Methane gas can be produced by the anaerobic degradation process of organic components such as carbohydrate, proteins and lipids that present in CM. Based on Aslanzadeh, J. Taherzadeh, and Horvath (2011) , the percentage of methane gas produced was influenced by the composition of fibre, cellulose, hemicellulose, protein, fat, starch and sugar content. Based on previous finding, (Singh et al., 2008) have found that reduction of lignin content in CM significantly depend on the action of different microorganism. As shown in Table 4 , Trichoderma sp. recorded maximum lignin reduction in CM with 60%, compared to 43% lignin removal after treated with A. Fumigatus SK1. Singh et al. (2008) have shown that Trichoderma citronoviridae capable to degrade the sugarcane straw up to 8%. The result of delignification was in agreement with the biomethane potential obtained as discussed in section 3.2, where the increase in lignin degradation has contributed to higher biomethane potential. This result was supported by previous study done by (Y. Li et al., 2013) which stated that the lignin content in the substrate was a significant parameter affecting the methane production potential. A. Fumigatus SK1 and Trichoderma sp. were higher than the untreated CM. The result demonstrated that pre-treatment of CM using these two types of fungi may accelerate the hydrolysis process. The difference in sugar release level between two different fungi may be attributed to the differential level of cellulase and xylanase produced by different fungi (Kuhar, Nair & Kuhad, 2008) . The amount of reducing sugar produced was in accordance with the percentage of lignin degradation after each pre-treatment. CM pre-treated with Trichoderma sp. marked the highest lignin degradation of 60% followed by CM treated with A. Fumigatus SK1 and untreated CM with 43% and 42%, respectively. The higher amount of reducing sugar pre-treated with Trichoderma sp. could be because of the maximum lignin degradation, which eventually increased the accessibility to enzymatic hydrolysis (Kuhar et al., 2008) . 
Structural changes of CM before and after pre-treatment
The changes of physical structure of CM were observed using table top microscope. The images revealed the shapes and surface morphologies of the CM, before and after pre-treatment. Fig. 3B shows the image of raw CM. The structure of raw CM without pre-treatment was much rougher, flat and intact compared to the pre-treated manure (Chen et al., 2003) . The changes of enzymatic hydrolysis of manure were presented in Fig. 3F . The surface of manure fiber was exposed and degraded partially. It was observed that the structure of the manure fiber become looser, which would facilitate the entrance and degradation for microorganisms and their hydrolases (Xu, Xu, Liu, Li, & Liu, 2015) . Moreover, the manure fiber was further destroyed where a number of small holes were observed, as presented in Fig. 3H . R. Li et al. (2009) reported that, the small holes in the manure fibres described that the part of hemicellulose was degraded from the backbone of the fibres. The structure of manure fibres after hydrolysis were shown as in Fig. 3E and 3G. Both were found thinner and shorter as compared to the raw manure fibers in Fig. 3A . This observation might be because of the pre-treatment process may has disrupts the linkage between lignin, hemicellulose and cellulose as well as decreasing the crystallinity of CM in order to create more accessible pore volume and specific surface area for cellulolysis and xylanolysis (Ang et al., 2013) . Considering the relatively high glucose concentration and lignin degradation as discuss in section 3.3 and 3.4 which compared to the untreated manure, the main structure might be partially degraded (Chen et al., 2003) . From the view point of tabletop microscopy, enzymatic pre-treatment could enhance the lignin degradation of CM (Xu et al., 2015) . Thus, would enhance contribute to the improvement of methanogenesis process (R. Li et al., 2009) 
Removal efficiency
In anaerobic system, the digestion efficiency is closely related to the mass conversion. Mass consumption which would be presented by TS, VS reduction and COD changes would determine the production of biogas (Meng et al., 2015) . In this study, the concentration of COD before and after pre-treatment as well as the COD removal have also been analysed. The results are presented in Fig. 4 . The trend after 30 days of digestion illustrates that methanogenic bacteria consumed COD by fermentation process (Macias-Corral et al., 2008) . Compared with the untreated CM, the CM treated with fungi (Trichoderma sp. and A. Fumigatus SK1) showed better COD removal. CM treated with Trichoderma sp. marked about 53% reduction in COD followed by CM treated with A. Fumigatus SK1 which was about 41%. The results obtained were similar to the Budiyono, et al., (2014) that the more COD were removed, the more biogas were produced. 
CONCLUSION
This study revealed that there was a good correlation between biodegradability and lignin content of CM to the biogas production potential. From both biological pre-treatment conducted using two different species of fungi, CM pre-treated with Trichoderma sp. showed the highest biodegradability and lowest total lignin content. Thus, it contributes to the highest biogas production potential. From our best understanding, CM pre-treated with Trichoderma sp. is suggested as the best method for mono-digestion of CM. 
